A self-consistent numerical simulation model for a pin single-cell solar cell is formulated. The solar cell device consists of a p-A1GaAs region, an intrinsic i-A1GaAs/GaAs region with several quantum wells, and a n-A1GaAs region. Our simulator solves a field-dependent Schr6dinger equation self-consistently with Poisson and drift-diffusion equations. The field-dependent Schr6dinger equation is solved using the transfer matrix method. The eigenfunctions and eigenenergies obtained are used to calculate the escape rate of carriers from the quantum wells, the capture rates of carriers by the wells, the absorption spectra in the wells, and the non-radiative recombination rates of carriers in the quantum wells. These rates are then used in a self-consistent finite-difference numerical Poisson-drift-diffusion solver. We believe this is the first such comprehensive model ever reported.
INTRODUCTION
The conversion efficiency of a single cell pin solar cell can be enhanced by incorporating quantum wells in the intrinsic region of the device. [1] The incorporation of the quantum wells has two counteracting effects: the short-circuit current is increased because of the additional absorption of the low-energy photons in the lower bandgap quantum well [2] [3] .
Along with these experimental studies, a number of theoretical investigations have been performed. Corkish and Green [4] Figure 1 . We simulated five pin devices all with a acceptor doping level of 108/cc
where (x) is the envelope function, Ei are the eigenenergies and V(x) is the potential profile.
Non-constant effective mass m*(x) is assumed.
The Schr6dinger equation is solved using the transfer matrix method [11] . The above equations, together with Poisson and drift-diffusion equations are solved using a finite difference scheme. We simulated the dark characteristics of all five cells and the results are shown in Figure 2 . Because the model incorporates both radiative and nonradiative recombination for the bulk material, the slope of the dark current is qv/nkT, with the ideality factor n ranging from one for exclusively radiative recombination to two for exclusively non-radiative. In the pin devices without quantum wells, n approaches one at high forward bias where radiative recombination becomes more important.
At low biases the non-radiative recombination dominates and n is 1.9 for the A1GaAs device at 0.1 volts applied.
The recombination in the quantum wells is modeled as non-radiative interface recombination using a modified Shockley-Read-Hall expression. With the introduction of quantum wells into the pin device, this non-radiative recombination dominates at all biases and the ideality factor equals about 1.7 for all the quantum well devices. The observed crossover of the i-v curves of the quantum well devices and the GaAs device has also been reported by Ragay et al. [3] .
